Abstract The objective of this study was to prepare periodontal gels using natural polymers such as badam gum, karaya gum and chitosan. These gels were tested for their physical and biochemical properties and assessed for their antibacterial activity against Aggregatibacter actinomycetemcomitans and Streptococcus mutans, two pathogens associated with periodontal disease. Badam gum, karaya gum and chitosan were used to prepare gels of varying concentrations. Moxifloxacin hydrochloride, a known antimicrobial drug was choosen in the present study and it was added to the above gels. The gels were then run through a battery of tests in order to determine their physical properties such as pH and viscosity. Diffusion studies were carried out on the gels containing the drug. Antimicrobial testing of the gels against various bacteria was then carried out to determine the effectiveness of the gels against these pathogens. The results showed that natural polymers can be used to produce gels. These gels do not have inherent antimicrobial properties against A. actinomycetemcomitans and S. mutans. However, they can be used as a transport vehicle to carry and release antimicrobial drugs.
Introduction
Periodontitis has been defined as an inflammatory disease of the supporting tissues of the teeth caused by specific microorganisms or groups of specific microorganisms, resulting in progressive destruction of the periodontal ligament and alveolar bone with increased probing depth formation, recession, or both [1] . Clinical attachment loss and destruction of alveolar bone clinically differentiates periodontitis from gingivitis. Patients often suffer from signs such as bleeding on probing, tooth mobility and receding gingiva, sometimes with pain.
The primary aetiological factors for periodontitis are specific microorganisms. While there are many other contributory risk factors such as smoking, poor oral hygiene, and genetics, these are all considered secondary aetiological factors and the oral flora remains the primary one. The unified theory of the bacterial aetiology of periodontitis states that periodontal disease can be initiated by any of a number of different pathogens, and that 6-12 bacterial species may be responsible for the majority of cases of bacterial periodontitis [2] .
Aggregatibacter actinomycetemcomitans is a Gram negative, facultative, non-motile, coccoid bacillus. It has been shown to be present, along with certain other bacterial species, at sites where there is active periodontal disease with attachment loss and bone loss in short periods of time. There are increased levels of A. actinomycetemcomitans in the periodontal pockets of patients with periodontitis compared with those with healthy periodontium [3] . It is postulated that A. actinomycetemcomitans is, in fact, one of the main bacteria involved in a periodontal infection. Streptococcus mutans is a Gram positive, facultative, anaerobic coccus which has also been associated with caries and periodontitis. These function as pioneering bacteria which are the first to adhere to a tooth surface [4] . These pioneering bacteria then provide an appropriate environment for other bacterial species to colonise. The colonisation by these bacteria eventually leads to periodontal disease.
As periodontitis' main aetiological factor is a bacterial infection, antibiotics are commonly used to treat the disease. Systemic antibiotics, however, do not always provide the best results and local drug delivery devices provide several advantages [5] . Local delivery allows the drug to be administered directly to the periodontal pockets; this bypasses metabolism and excretion of systemic drugs, and reduces potential side effects and allows more accurate control of dosage and the use of much smaller doses, as well as easier compliance [5] . Local delivery devices also allow a sustained release of the drug, which is vital to the elimination of bacteria and the treatment of the disease [5] .
Local drug delivery devices are often in the form of gels made from swellable polymers. Chitosan, a natural polymer derived from the deacetylation of shells of crustaceans, is biocompatible, economic and readily binds to mucosal membranes. It was shown to be effective in treating chronic periodontitis either alone or in combination with local metronidazole, which may be due to its inherent antimicrobial effects [6, 7] . Other gums with good mucoadhesive properties that can be used as drug carriers include badam gum [8] and karaya gum [9] , although these do not appear to have been investigated in the treatment of periodontal disease.
Moxifloxacin is a fourth generation, synthetic, fluoroquinolone antibacterial agent, used as a treatment for a variety of bacterial infections ranging from minor ailments like sinusitis to complicated abdominal infections [10] and active against a wide variety of bacteria, including streptococci [11] .
The present study aims to prepare periodontal gels containing moxifloxacin hydrochloride using the natural polymers badam gum, karaya gum or chitosan and evaluating the gels for their physicochemical and in vitro diffusion properties, as well as their antimicrobial effects against A. actinomycetemcomitans and S. mutans.
Materials and methods
Moxifloxacin hydrochloride and chitosan was purchased from Labchem Sdn Bhd, Malaysia. Gum karaya was purchased from Girijan Co-operative Corporation Limited, Visakhapatnam, India. Badam gum was obtained from Palaniappa Chettiar Traders, Chennai, Tamil Nadu, India. All other reagents and chemicals were of analytical grade.
Methodology
Badam gum, karaya gum and chitosan were the natural polymers of choice for this study. The gums were all obtained in their dry, powder form. The solvent that was used to produce the gels consisted of distilled water and lactic acid (2%). The antibacterial drug, moxifloxacin hydrochloride, was also obtained in its powdered form.
Preparation of the gels

Preparation of the chitosan gels
Chitosan gels of different concentrations (1, 2, 3, and 4%) were prepared by dissolving required quantity of chitosan in a mixture of water and dilute lactic acid (2%) solution (99:1) using a mechanical stirrer.
Moxifloxacin hydrochloride was added to the above placebo chitosan gels and stirred continuously until drug dispersed completely.
Preparation of the badam gum and karaya gum gels
Three different concentrations (1, 2 and 3%) of badam and karaya gum gels were prepared by dissolving the powder of the gums at required weights into a standardised mixture of water: lactic acid 2% (99:1) using a mechanical stirrer.
In accordance to the procedure carried out with the chitosan gels, moxifloxacin hydrochloride was also added into every solution in separate, freshly prepared batches of both badam and karaya gels at concentrations of 1, 2 and 3%.
Characterisation of the prepared gels
Surface pH
pH of the gels was determined using a digital, glass electrode pH metre (Mettler Toledo, Japan) calibrated using pH 7.0 and pH 4.0 calibration buffers.
Viscosity studies
The viscosity studies were carried out using a rheometer (Rheolab Qc). 100 ml of each of the samples were placed in the rheometer and the spindle of the rheometer rotated against resistance from the samples to produce shear rate, shear stress and viscosity which were recorded for each of the gels prepared.
Diffusion studies
To carry out the diffusion studies, diffusion membranes were obtained and soaked overnight in phosphate buffered solution (PBS) of pH 6.8. 1 ml of each gel (badam 1, 2, 3%, karaya 1, 2, 3%, chitosan 1, 2, 3 and 4%) containing moxifloxacin hydrochloride (5.45 mg/ml) was placed in a dialysis membrane tube using an Eppendorf pipette. The ends of the dialysis membrane tubes were tied firmly to prevent any leakage of the contents. The dialysis membranes containing the gels were fully immersed in beakers containing 50 ml of PBS and placed in a shaker water bath (37°C; 50 rpm). 1 ml samples were withdrawn from the PBS at 0.5, 1, 2, 3, 4, 6 and 8 h. The samples were further diluted using fresh PBS and were measured for the absorbance using an UV spectrophotometer and the percentage drug release was calculated. The kinetics of drug release (zero order or first order) and model of drug release (Higuchi model, Hixson-Crowell model or KorsmeyerPeppas model) were determined graphically [12] .
The mathematical models shown below can be applied to fit the in vitro release data to find out the best model which describes the kinetics and mechanism of drug release of the investigated periodontal gels.
Zero order
Qt
where, Q 0 , Q t and Q α are the amounts of drug dissolved at time 0, "t" and "α". C 0 and C represents the concentrations of the drug dissolved at time 0 and "t". W 0 and W t represents the amount of drug in the pharmaceutical dosage form at time 0 and "t". K 0 , K 1 , k 2 , k p , and k h are the rate constants [12] .
Statistical analysis
The viscosity and T50% values of in vitro drug release profiles of were treated statistically using a one-way analysis of variance (ANOVA). When there was a statistically significant difference, a Tukey's HSD (honestly significant difference) post hoc test was performed (SPSS software). A statistically significant difference was considered when p < 0.05.
Antimicrobial studies
Blood agar was used as growth media for the bacteria [13, 14] . Blood agar was prepared using 20 g of tryptic soy agar powder mixed into 500 ml of autoclaved, distilled water. This solution was then heated until dissolution of the powder was complete. Following this, the solution was autoclaved at 121°C for 20 min. The autoclaved solution was cooled to 60°C in a water bath. 5 ml of 5% sterile defibrinated sheep's blood was mixed into the solution to form 100 ml of blood agar. The agar was then allowed to cool. A. actinomycetemcomitans was grown in this medium. S. mutans was grown in the Petri dishes containing Mueller-Hinton agar. This was done by inoculating the bacteria in thioglycollate broth overnight. Once a suspension of the bacteria was seen in the medium indicating successful bacterial growth, an Eppendorf pipette was used to dispense 0.5 ml of the solution containing the bacteria into each petri dish. A cotton swab was used to spread the bacteria over the Petri dish. Pipette tips which had been autoclaved and cut were used to make wells in the agar. Each Petri dish had two wells punched into its agar.
Each Petri dish carried two solutions made from the same natural polymer at the same concentration. The well on one side contained 0.5 ml of the gel with the added drug (moxifloxacin hydrochloride) while the well on the other side contained 0.5 ml of the gel without the drug. This entire process was carried out in a laminar flow cabinet. The plates were incubated at 37°C for 2 days after being wrapped tightly with paraffin film.
A. actinomycetemcomitans was grown in the Petri dishes containing blood agar. The inoculation was carried out in a similar fashion as to that of S. mutans. Two wells were punched into each petri dish and 0.5 ml of the gels was dispensed into each well in the same manner as stated earlier in a laminar flow cabinet. Paraffin film was used to seal the plates and they were incubated at 37°C in an anaerobic jar with an anaerobic Gas-Pak system helping to sustain the anaerobic environment in the jar for 2 days.
The zones of inhibition of bacterial growth were recorded for each well using a ruler after 2 days of incubation for each Petri dish.
Results
Bacteria are the most commonly associated aetiological factor with periodontitis. Antibiotics, along with traditional methods of treatment, have been shown to be effective in treating patients suffering from the disease [15] . The usage of systemic antibiotics comes with its own disadvantages. Localised drug delivery offers a novel alternative to this [16, 17] . The field concerned with the treatment of periodontal disease has seen the introduction of localised drug delivery devices in recent years.
Moxifloxacin is known to be effective in the treatment of mixed periodontal infections. In the present study, the gels prepared with the addition of moxifloxacin hydrochloride showed antibacterial efficacy against two important periodontal anaerobic pathogens.
Surface pH
The surface pH of the prepared gels were evaluated and summarised in the Table 1 . From the results, it shown that surface pH of karaya gum gels (placebo) at the concentration 1, 2 and 3% are 2.753, 2.934 and 3.147, respectively. For badam gum based gels, the surface pH was 2.88, 3.139, and 3.320 at 1, 2 and 3%, respectively. Whereas chitosan gels had the pH of 3.9, 4.075, 5.622 and 6.015 at 1, 2, 3 and 4%, respectively. There was no major difference in the pH values with the addition of drug.
Viscosity studies
Viscosity results of the periodontal gels made with karaya gum, badam gum and chitosan are summarised in Table 2 . Gum karaya-based gels were in the viscosity range 1645-2104 dynes/cm 2 for 1-3% concentration, whereas badam gum-based gels exhibited 1945-2521 dynes/cm 2 at the same concentrations. Chitosan based gels were in the viscosity range 1257-1854 for 1-4% concentration.
Diffusion studies
It was observed that all the natural gums controlled the drug release in different rates with varying concentrations (Fig. 1) . The moxifloxacin hydrochloride periodontal gels made with badam gum was retarded more compared to other gums. The order of retarding capacity is badam gum > gum karaya > chitosan.
Release kinetics
Based on the diffusion profile, all the formulations were evaluated for release kinetics as well release mechanism and the results were mentioned in Table 3 . 1 and 2% karaya gum-based moxifloxacin gels followed zero order rate kinetics with non-Fickian diffusion mechanism. When the concentration increased to 3% it followed first order rate kinetics with diffusion mechanism.
Statistical analysis
The viscosity of the formulations was increased with increasing the concentrations of gum karaya, badam gum and chitosan from 1 to 3%. The results demonstrated the formulations prepared with badam gum is having high viscosity. There was a statistically significant difference (p < 0.05) in the viscosities of all the formulations except between the formulations prepared using 2% gum karaya and 4% chitosan.
The formulations prepared using 3% gum karaya, 2% badam gum and 3% badam gum were sustained the drug release with a low initial burst release for a period of 8 h. The results are in line with the viscosity results as these formulations were having high viscosity compared to other formulations and sustained the drug release for prolonged period of time. There was a statistically significant difference (p < 0.05) in the release profiles of all the formulations except between the formulations prepared using 1 and 2% gum karaya, 1% badam gum and 2% chitosan, 2% badam gum and 3% chitosan, 3% badam gum and 4% chitosan.
Antimicrobial studies
In order for the gels to be effective at treating periodontitis, they have to be bacteriostatic or bactericidal against the pathogens commonly associated with periodontal problems. The pathogens that were tested against in this study were A. actinomycetemcomitans and S. mutans. All the periodontal gels were evaluated for antimicrobial activity and the results were mentioned in Table 4 .
Discussion
Surface pH
The measurement of the pH of the solutions was extremely pertinent to final results. In clinical terms, an overly acidic or overly alkali solution would cause mucosal irritation and corrosion and thus would obviously not be suitable for use in periodontal tissues. For all the solutions, the pH became less acidic as the concentration of the gums in solution was increased. The addition of moxifloxacin hydrochloride to the solutions did not significantly alter the pH of the solutions. All the solutions prepared from badam and karaya gum were highly Fig. 1 Graphical representation on percentage release of moxifloxacin hydrochloride from gels containing karaya gum, badam gum and chitosan acidic in nature. The chitosan solutions had pH ranging from 4.075 to 6.178, thus being much less acidic compared to badam gum and karaya gum. In terms of clinical use, the acidity of these gels could be a problem were they to be used on human tissues, especially in terms of the karaya and badam gum solutions. The acidity of the solutions could cause damage to the oral mucosa and periodontium. Therefore, a method of increasing the pH should be considered in order to enable the solutions for use in vivo safely.
Viscosity studies
The viscosity of the gels is an important characteristic to measure the sticking ability and washing resistance. Ideally, the gels should be viscous enough to be able to resist being washed off by bodily fluids in clinical situations. At the same time, it should not be so overly viscous that it becomes difficult for clinicians to handle the gels and place it in periodontal tissues. Chitosan gels had the lowest viscosity among the three different types of solutions. As the concentration increased, all the formulations exhibited increased viscosity. Therefore it would be possible to ramp up the concentrations of badam and karaya gums to such a point where gel like substances with the appropriate viscosity for in vivo use could be produced.
Diffusion studies
As the concentration of the polymers in the gels increased, the percentage drug release at a specified time interval decreased. This could possibly be due to the increased number of polymer particles at higher concentrations, which makes movement more difficult for the drug particles.
Extrapolating from the trend seen in the results, we can speculate that sustained release can be achieved using solutions containing the natural gums at high concentrations. A gel allowing sustained release would be preferred in clinical terms, as this would mean that the drug would be able to provide a longer lasting antimicrobial effect.
Release kinetics
All the periodontal gels containing badam exhibited zero order rate kinetics with non-Fickian diffusion mechanism. The periodontal gels containing chitosan at 1% concentration exhibited zero order kinetics with erosion mechanism and other concentrations exhibited first order kinetics with erosion mechanism. From the results, it was observed that all gum karaya and badam gum based gels exhibited nonFickian diffusion mechanism whereas chitosan gels exhibited erosion mechanism.
Antimicrobial studies
Neither badam nor karaya gum solutions at any concentrations showed inhibition of growth of A. actinomycetemcomitans or S. mutans in the absence of drug. However, clear zones of inhibition could be observed around the wells containing the gels of badam and karaya which included the drug.
Similarly, the wells containing the chitosan solutions without the drug showed no inhibition of bacterial growth. Thus, we suggest that solutions made from karaya gum, badam gum and chitosan do not have intrinsic antibacterial properties against A. actinomycetemcomitans and S. mutans However, the solutions containing the drugs, showed a clear zone of inhibition.
The zones of inhibition were affected by the concentrations of the natural polymers in the gels in most cases. For the zones of inhibition of A. actinomycetemcomitans, as the concentrations of all the polymers increased, the zones of inhibition decreased. Similarly, for S. mutans, an increase in the concentration of polymer resulted in a decrease in the zone of inhibition; the general trend of decreasing inhibition with increasing gel concentration remained for the test carried out on blood agar with S. mutans.
The data suggest that gels made from badam gum, karaya gum and chitosan can act as vehicles to deliver antimicrobial drugs to oral pathogens and that all three gums have the potential to be used as delivery gels for drugs into periodontal tissues.
Conclusion
This study successfully produced gels from the natural polymers of badam gum, karaya gum and chitosan. The rate of release of moxifloxacin hydrochloride, from these gels varied with the nature of polymer and its concentration. Antimicrobial testing indicated that the gels themselves did not have inherent antibacterial properties against A. actinomycetemcomitans and S. mutans. However, the incorporation of moxifloxacin produced gels with antimicrobial activity. Thus, the gels can potentially be used as vehicles to transport drugs to fight periodontal pathogens and treat periodontitis.
